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Abstract А sympatric distribution of similar butterflies, P. stubbendorfii and P. citrinarius, is 
formed in central Hokkaido. In these areas, butterflies with yellow body hairs, an intermediate 
character between the two species, are frequently found in the butterfly population and thought 
to be natural hybrids between the two species. Here, we analyzed mitochondrial DNA, which 
is maternally inherited in eukaryotes, of butterflies with yellow body hairs to clarify their 
maternal species. The mitochondrial NDS gene sequences from all five butterflies corresponded 
to those from P. citrinarius, indicating that their mothers were P. citrinarius. This finding 
supports the earlier findings from artificial hybridization studies, which suggested that butterflies 
with yellow body hairs from the habitats for both species must be natural hybrids between female 
P. citrinarius and male P. stubbendorfi. 
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Introduction 


Parnassius stubbendorfi Ménétriés inhabits a large area to the north of the Huang River and 
the east of the Altai Mountains in the East Asian subcontinent, which includes northern 
China, the Korean Peninsula, Mongolia and Siberia. Р. citrinarius Motschoulsky (= Р. 
glacialis Butler; cf. Okano (2000)) inhabits a large area to the south of the Huang River in 
China on the continent. In the Japan islands, P. stubbendorfi inhabits Hokkaido only, and 
Р. citrinarius inhabits mountainous areas of Shikoku, Honshu, Sado Island and southern 
Hokkaido. At the northern and eastern areas of the Ishikari Plain in Hokkaido, the habitats 
of the two species overlap (see reviews Nemoto & Inomata, 1994; Weiss, 1999). 


P. stubbendorfi and P. citrinarius have grey and orange hairs on their bodies, respectively, but 
their other morphological characteristics including the wing pattern are quite similar 
(Nemoto & Inomata, 1994; Weiss, 1999). In the laboratory, the two species can be crossbred 
easily by handpairing (Kitahara & Kawata, 1991, 1993). The copulation by handpairing 
was successful only between female P. citrinarius and male P. stubbendorfi, depending on the 
structure of their genital organs. Their resultant F, hybrids grow up normally, and have 
yellow hairs on their bodies, which show intermediate hair color of their parents (Kitahara 
& Kawata, 1991, 1993). 
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In the overlapped habitats of the two species in Hokkaido, butterflies with yellow hairs on 
their bodies are frequently found in populations of P. stubbendorfi and P. citrinarius (Kita- 
hara & Kawata, 1988, 1991, 1993; Kitahara, 1990). These butterflies were suggested to be 
natural hybrids between the two species. If this supposition is correct, their maternal species 
should be P. citrinarius as shown previously in the laboratory (Kitahara & Kawata, 1991, 
1993). То confirm this, we examined their mitochondrial DNA (mtDNA) sequences, 
because the mtDNA is maternally inherited in eukaryotes including Lepidoptera (Lansman 
et al., 1983). 


Materials and methods 


All butterflies were collected at Hobetsu-cho, Yufutsu County, Hokkaido, and have been 
stored in ethanol. One P. stubbendorfü, one P. citrinarius and five butterflies with yellow 
hairs on their bodies (Hybrids 1-5 in Figs 1 & 2) were used for analyses. DNA was extracted 
from the muscles of the thorax of each butterfly by the method described previously (Yagi et 
al., 1999). 


A part of the mitochondrial DNA sequences (542 base pairs) coding for NADH dehy- 
drogenase subunit 5 (ND5) was amplified with primers VI (5'-CCTGTTTCTGCT- 
TTAGTTCA-3) and A4U (S-GTATAAAACATTGTTAAACCTGTAG-3) and the 
ExTaq DNA polymerase (Takara, Kyoto) by the polymerase chain reaction (PCR) with 
experimental conditions supplied by the company. The PCR products were purified with 
the Quantum Prep Spin Columns (BIO-RAD, Hercules). The nucleotide sequences of the 
PCR products were directly determined with the primers and the DyeTerminator Cycle 
Sequencing FS Kit by an automated DNA sequencer 373A (PE Applied Biosystems, Foster 
City) (Yagi et al, 1999). 


Since the determined DNA sequences showed that two and one endonuclease sspl recogni- 
tion sites (AATATT) were present in the P. citrinarius and Р. stubbendorfii sequences, 
respectively, the restriction fragment length polymorphism (RFLP) thereafter was used to 
distinguish the two sequences. The PCR products were digested with the endonuclease sspl 
(Toyobo, Osaka) at 37C for 2hr, and the digested products were separated with 196 
polyacrylamide gel electrophoresis at 100 V for 40 min in TAE buffer solution. The DNA 
fragments in the gel were stained with 10 (g/ml ethidium bromide solution for visualization 
(Sambrook et al., 1989). 


Results and discussion 


Nucleotide sequences of a part of the mitochondrial №5 gene (542 base pairs) are shown in 
Fig. 1. The difference of the nucleotide numbers in the sequences between Р. citrinarius and 
P. stubbendorfü was 2.7896 (14 bases), and, therefore, the two species can be distinguished 
clearly by the ND5 sequences. Most of the different nucleotides were found at the codon 
silent positions. The sequences from a butterfly with yellow body hairs (Hybrid 1) were 
identical to those from Р. citrinarius. 


As the ND5 sequences of P. citrinarius and P. stubbendorfi had two and one sspl recognition 
sites, respectively (Figs 1 and 2A), other butterflies (Hybrids 2-5) were analyzed with the more 
rapid RFLP method. Electrophoresis patterns of sspl-digested PCR products are shown in 
Fig. 2B. DNA fragments appeared at the positions expected from the sspl restriction map 
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V1 primer 
G1' CCTGTTTCTGCTTTAGTTCATTCTTCTACTTTAGTAACTGCTGGAGTTTATTTATTAATT 
S1" CCTGTTTCTGCTTTAGTTCATTCTTCTACTTTAGTAACTGCTGGAGTTTATTTGTTAATT 


* 


G61' CGATTTAATATATTATTAATTGATATATTTTTTTTTAAGTTTTTATTGTTATTATCITIGGA 
S61" CGATTTAATATATTATTAATTGATATATTTTTTTTTAAATTTTTATTATTATTATCGGGA 
SSpI * * * 
G121' TTAACAATATTTATAGCTGGTATATCTGCTAATTATGAATTTGATTTAAAAAAAATTATT 
5121" TTAACTATATTTATAGCTGGGAT(TITCTGCTAATTATGAATTTGATTTAAAAAAAATTATT 
* * * 
G181' GCTTTATCAACTTTAAGACAATTAGGTTTAATAATAAGAATTTTAAGAATAGGATTACCA 
$181" GCTTTATCAACTTTAAGACAATTAGGTTTAATAATAAGAATTTTAAGAATAGGATTACCA 











G241' GAATTAGCTTTTTTTCATTTATTAACTCATGCTATATTTAAAGCTTTATTATTTATATGT 
S241" GAATTAGCTTTTTTTCATTTATTAACTCATGCTATATTTAAAGCTTTATTATTTATATGT 


G301' GCAGGGGTAATTATTCATATAATAAATGATAATCAAGATATTCGTTTTATAGGGGGTATT 
5301" GCGGGGGTAATTATTCATATAATAAATGATAATCAAGATATTCGTTTTATAGGTGGTATT 
* SSpI * 
G361' AGATTATATATTCCAATAACTTCTTTATGT[ITAAATATTTCTAATTTAGCTTTATGTGGT 
5361" AGATTATATATTCCAATAACTTCTTTATGTATAAATATTTCTAATTTAGCTTTATGTGGG 
Ж  SSpI 
G421' ATTCCTTTTTTAGCTGGGTTTTATTCTAAGGATTTAATTTTAGAGATAGTAAGAATIGAGA 
$421" ATTCCTTTTTTAGCTGGATTTTATTCTAAGGATTTAATTTTAGATATAGTAAGAATAAGA 
ж ж ж 

6481! AATTTAAATATATTAATTTTTTTTTTATATTATTTTTCTACAGGTTTAACAATGTTTTAT 
S481" AATTTAAATATATTAGTTTTTTTTTTATATTATTTTTCTACAGGTTTAACAATGTTTTAT 

* A4U primer 








G541' AC 
$541" AC 


Fig.l. А part of the nucleotide sequences of the mitochondrial №5 gene from P. citrinarius 
(upper) and P. stubbendorfi (lower). Double underlines show V1 and A4U primers for 
PCR and sequencing. Underlines show endonuclease sspI recognition sequences. 
Letters with asterisks and those surrounded with boxes show different nucleotides 
between the two species. 


(Fig. 2A), in addition to a few incompletely digested bands (414 and 542 base pairs). The 
positions of the bands from butterflies with yellow body hairs (Hybrids 2-5) were identical 
to those from P. citrinarius (128,146 and 268 base pairs), but not to those from P. 
stubbendorfü (146 and 396 base pairs). These findings indicate that mtDNA of Hybrids 1- 
5 was introduced from P. citrinarius, and in other words, the mothers of Hybrids 1-5 were 
P. citrinarius. 


The present findings agree with the laboratory study done by Kitahara and Kawata (1991, 
1993). Most butterflies with yellow hairs on their bodies in the overlapped habitat of the 
two species in Hokkaido must be natural hybrids between female P. citrinarius and male P. 
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Fig.2. Тһе sspl restriction map of the NDS gene from Р. citrinarius (upper) and P. 
stubbendorfü (lower) (А), and an electrophoresis pattern of the sspI-digested NDS gene 
(B) The 414 and 542 base pair bands of the sspl-treated lanes are ascribed to incomplete 
digestion of the restriction sites. 


stubbendorfi. As Kitahara and Kawata (1993) suggested that copulation by handpairing 
was rarely successful between small females of P. stubbendorfü and male P. citrinarius, a small 
population of F, hybrids of this combination may also be present in the overlapped habitat. 
More analyses are required to confirm this. 


In the overlapped habitats of the two species in Hokkaido, a high proportion (10-25%) of the 
hybrids was found in the parnassian population (Kitahara & Kawata, 1993). This observa- 
tion suggested that the two species with the same wing pattern may not recognize each other 
as a different species and hybridize very often. However, neither nuclear nor mitochondrial 
genes would be introgressive to the other species because the F, hybrids are sterile (Kitahara 
& Kawata, 1991). The diversification time of Р. citrinarius and Р. stubbendorfi from a 
common ancestor is estimated to be several million years ago (Omoto et al., in press). These 
findings indicate that the speciation of P. citrinarius and P. stubbendorfi has been completely 
established despite their frequent natural hybridization. 
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Ў E 


ДВЕ ВО SU ANY OF ave ke RV RNY F a Р ОННО ЕВО TERTE 
Ck SRE (ЛЖ. BAR) 


ДЫН Но ОУ ANY n ат eERYVARANV OF a VIB Iz MPO BARB Су дї 
ми ЖЕ, CXVANY UF a YKE) DRE VERO EED 10-25% FEF 2 c E 23A o TU. 
ЖЫН ЙІНОЕЛИЯЯ С ENE, WERL ERP UVTI А ЛТХ ADV ANY N 
FaVEDADELVANVYAF aVEDMCOARAICRILL, X OAMERSES—INIIER ICR UT, 
REGO TOMB ENS. CoCtmoikESticiU2o140BOB-ESXBE OB Gd IUS BR 
ЖИС» > ЕЗІ С 572. RAGERSBAaLRUYOBRBEÉ&iAETUHUOC, eR CRE 5 07276 
HERE EOI BERS ANY OF а DPE RAIANVY UF aVPLESCHSOPHSTL 
> АР. CORR, MA 5 AS COS pay RUS DNA OFAN доѓи Фат Ф 
DLL, п ОВ У ANY OF aYCHhSCEBb bok. СОН ЕДЕН. ЛІНЬ OF 
Rio, RIC BU 2 AREE EROS х ADV ANY AUF aVEFADERVANY UD 
ЖФ”УЕОНЯОЯИЯСФ» LGC 2. 
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